The essential oil of the aerial parts of Chenopodium ambrosioides L. has been isolated by hydrodistillation and analyzed using GC-MS. The major components were found to be α-terpinene (63.1%), p-cymene (26.4%) and ascaridole (3.9%). The oil displayed no antibacterial activity against either Gram-positive bacteria Bacillus cereus or Staphylococcus aureus, or the Gram-negative bacterium Escherichia coli (MIC = 1250 µg/mL). A cluster analysis of C. ambrosioides essential oils reveals at least seven distinct chemotypes: ascaridole, α-terpinene, α-pinene, p-cymene, carvacrol, α-terpinyl acetate, and limonene.
Chenopodium ambrosioides L. (Chenopodiaeace) popularly known as 'epazote' is a strong-smelling perennial herb, growing up to 1.2 m with stout oblanceolate green leaves; small flowers in dense terminal panicles of glomerules, each with five sepals [1a,1b] . The plant is native to Mexico and South America, but found in almost all parts in the tropics [2a,2b] . C. ambrosioides has shown antiparasitic and anthelmintic properties, and is used to expel roundworm, hookworm, tapeworm, and Ascaris [3a,3b] . C. ambrosioides has also been cited as an antispasmodic, abortifacient remedy, and to control intestinal colic and a wide range of stomach pains [3a,3c,3d ]. Previous studies have described the abundance of α-terpinene [1a,3d-3g] , p-cymene [3h,3i] , ascaridole [1b,4a,4b,5a] , pinocarvone [5b], carvacrol [2b], limonene [6a,6b] , and α-terpinyl acetate [2a] in C. ambrosioides essential oils. The ascaridole in C. ambrosioides is an unstable compound and may cause the essential oil to explode when treated with organic acids or heated [7] . The oil of C. ambrosioides has been reported to have insecticidal [8] and antimicrobial properties [1a] .
The aim of the present study was to investigate the volatile constituents and bactericidal activities of C. ambrosioides growing in Nigeria and to compare and contrast the chemotypes previously reported.
The essential oil was obtained as a yellow oil (0.16% of the dried plant material). Analysis of the volatile constituents of the essential oil by GC-MS facilitated the identification of oil components , which are listed in Table 1 . The major compounds identified were α-terpinene (63.1%) and p-cymene (26.4%). Less abundant compounds identified in the oil were ascaridole (3.9%), isoascaridole (3.6%), 1,8-cineole (1.3%), γ-terpinene (0.5%), and transverbenyl acetate (0.5%). The high concentrations of α-terpinene and p-cymene in this sample make it similar to those found in oils from Rwanda [1a] , Nigeria [3e,3h], and India [3f,3g] .
Although ascaridole has been reported to be one of the primary components (40-70%) of the essential oil of C. ambrosioides from various geographical locations, namely North America [3b,9] concentrations of this peroxide [7] . The samples of African origin have generally contained lower quantities of ascaridole (e.g., [1a,3e,3h,3i,4a] .
It has been reported that ascaridole is a heat-sensitive component, which rearranges on treatment to isoascaridole at 150°C [9,11a] . Ascaridole can also undergo retro-Diels-Alder reaction to give αterpinene and molecular oxygen [3e]. Partial thermal transformation of ascaridole into isoascaridole during hydrodistillation or GC analysis might be responsible for the lower quantification of ascaridole in our sample and hence ascaridole is underestimated. The total content of ascaridole + isoascaridole available from GC analysis was 7.5% using a non-polar column.
Because of the wide variation in chemical profiles for C. ambrosioides essential oils reported in the literature, a cluster analysis was carried out on the chemical compositions of C. ambrosioides (Figure 1 ) in order to assess the differences and similarities in these essential oils. Figure 1) , and is clearly chemically distinct from those oils that were dominated by oxygenated monoterpenoids.
The C. ambrosioides essential oil was tested for potential antibacterial activity against Bacillus cereus, Staphylococcus aureus, and Escherichia coli, but showed no activity against any of the microorganisms (MIC = 1250 μg/mL; Gentamicin MIC < 19 μg/mL). In view of the chemical composition observed in this sample, this is not surprising. Many antimicrobial essential oils contain phenolic constituents such as carvacrol, thymol, or eugenol as the antimicrobial agents [11b,11c], but these materials were not observed in this oil. Similarly, the peroxide ascaridole is likely the agent responsible for the observed bioactivity of Chenopodium oil, but the concentration of this compound in the present sample was relatively low.
It is obvious from this as well as previous studies that the chemical composition of C. ambrosioides essential oil depends greatly and may depend not only on geographical origins [12] , but also genetic factors, culture and environmental conditions [13] , and nutritional status. Because of the pronounced chemical variability in this plant, care must be exercised in using this plant and its essential oil for potential medicinal applications. 
Extraction of the Volatile Oil:
A 450-g sample of air-dried C. ambrosioides plant material (leaves, stems and flowers) was hydrodistilled for 4 h in a modified Clevenger-type apparatus to yield 0.73 g yellow essential oil [14a] . After extraction, the volume of essential oil was stored in hermetically sealed glass bottle with screw lid cover under refrigeration at 4°C.
GC-MS Analysis:
The volatile oil sample was subjected to GC-MS analysis on an Agilent system consisting of an Agilent model 6890 Gas Chromatograph, an Agilent 5973 mass selective detector (EIMS, electron energy = 70 eV, scan range = 45-400 amu, and scan rate = 3.99 scans/sec) and an Agilent Chemstation data system. The GC column was a HP-5ms fused silica capillary with a (5% phenyl)-methyl polysiloxane stationary phase, film thickness 0.25 μm, length 30 m, and internal diameter of 0.25 mm. The carrier gas was helium with a column head pressure of 7.07 psi and a flow rate of 1.0 mL/min. Inlet temperature was 200°C and MSD detector temperature was 280°C. The GC oven temperature program was used as follows: 40°C initial temperature, hold for 10 min, increased at 3°C/min to 200 o C, increased 2 o C/min to 220 o C. The sample was dissolved in dichloromethane and a splitless injection technique was used. Identification of the constituents of the volatile oil was achieved based on their retention data (retention indices) determined with reference to C 9 -C 21 n-alkane homologous series, and by comparison of their mass spectral fragmentation patterns with those reported in the literature [3h,14b] and stored on the MS library [NIST database (G1036A, revision D.01.00) / ChemStation data system (G1701CA, version C.00.01.08)]. The chemical composition of C. ambrosioides essential oil is summarized in Table 1 . [15] . Dilutions of the oils were prepared in cation-adjusted Mueller Hilton broth (CAMHB) beginning with 50 µL of 1% w/w solutions of essential oil in DMSO plus 50 µL CAMHB. The oil solutions were serially diluted (1:1) in CAMHB in 96-well plates. Organisms at a concentration of approximately 1.5 × 10 8 colony forming units (CFU)/mL were added to each well. Plates were incubated at 37°C for 24 h; the final MIC was determined at the lowest concentration without turbidity.
Gentamicin was used as a positive antibiotic control.
Numerical Cluster Analysis:
The 18 C. ambrosioides samples were treated as operational taxonomic units (OTUs). The percentage composition of the 20 most abundant essential oil components [α-terpinene, ascaridole, p-cymene, α-terpinyl acetate, pinocarvone, limonene, carvacrol, pinocarveol, α-pinene, isoascaridole, 1,4-epoxy-pmenth-2-ene, camphor, trans-isocarveol, geraniol, caryophyllene oxide, cis-p-mentha-2,8-dien-1-ol, trans-p-mentha-1 (7) , 8-dien-2-ol, cis-p-mentha-1 (7), 8-dien-2-ol, geranial, and cis-carveol] was used to determine the chemical relationships between the different C. ambrosioides essential oil samples by cluster analysis using the NTSYSpc software, version 2.2 [16] . Correlation was selected as a measure of similarity, and the unweighted pairgroup method with arithmetic average (UPGMA) was used for cluster definition.
